Lantana (Verbenaceae) has adapted to the natural environment of Taiwan, and is thought to be a naturalized weed. A total of 43 Lantana plants, comprising 1 species of 3 varieties (38 plants collected from 38 sites in Taiwan) and 5 horticultural plants, were collected in Taiwan. In order to study the relationship between wild species and horticultural plants, we used co-HPLC to examine each anthocyanin peak and the content ratio in mature flowers as biochemical characters, along with two morphological characters. As a result of HPLC analysis, five out of six anthocyanin peaks were detected in 42 Lantana plants. Pigments were identified as: 3-glucoside, 3,5-diglucoside, and 3-malonylglucoside of cyanidin, and 3,5-diglucoside and 3-malonylglucoside of peonidin. The anthocyanin ratios in each plant were different; they presented several significant ratios. Based on these results, we can distinguish wild from horticultural plants. The flower color of Lantana will become more diverse through crosses between wild and horticultural plants.
Introduction
Most Lantana (Verbenaceae) species are native to South America, and have been hybridized with others. They are naturalized plants in some areas, but have also become weeds due to their adaptability (Cronk and Fuller, 1995) . The Lantana genus comprises over 150 species, distributed in 50 countries around the world (Ghisalberti, 2000) . There are also many naturalized Lantana plants in Taiwan. Sasaki (1928) recorded five plants in his book: L. camara L., L. involucrate L., L. mista Bail., L. nivea Vent, and L. sellowiana Link & Otto. Kanehira (1936) surveyed the indigenous plants of Taiwan, but there was no Lantana plant recorded. Horikawa (1945) recorded Lantana which were red in color, and naturalized in Taipei and Tainan Counties. Chen and Hu (1976) and Li et al. (1979) investigated wild species: L. camara L. var. aculeata (L.) Moldenke and L. camara L. var. mista Bailey. The flowers of wild species can change color from yellow to red (Kugler, 1980; Mohan Ram and Mathur, 1984) . Among horticultural plants, the color of each inflorescence can vary in accordance with the age of the flower, and their colors range from pale yellow or pink to deep red or purple. All horticultural plants are seedless, but the wild species are fruit bearing; this might a case provide an important genetic resource for hybridization with horticultural plants. To use them in breeding programs, we need to clarify the anthocyanin components and structure of Lantana.
The traditional classification is based on the morphological characters, such as flower color, stem, leaf, and fruit shape. Attempts to subclassify Lantana based on morphological characters have yet to be successful. Secondary metabolites of plants, such as flavonoid and anthocyanin compounds, are abundant in plants and are useful biochemical characters in chemotaxonomy (Harborne, 1967) . There are some known biochemical characters, but no further classification has been made based on the chemotaxonomic relationships within Lantana. In this study, we have used morphological and biochemical characters to study the relationships between wild species and horticultural plants of Lantana in Taiwan after 30-year interactions with new introduced plants. Also, we investigated methods to diversify flower color. Lantana is one of the important ornamental plants in tropical areas, and it is also very popular in Taiwan. Variation in flower color is desired, and an understanding of anthocyanins within the flowers will help to facilitate further flower color variation in Lantana through hybridization.
Materials and Methods
Lantana plants are distributed across Taiwan; we found them in most counties. The stems of specimens were cut and propagated, and their mature flowers were collected. A total of 43 Lantana plants, comprising 1 species of 3 varieties (38 plants collected from 38 sites in Taiwan) and 5 horticultural plants, were collected ( Fig. 1 and Table 1 ). The flower colors varied, ranging from yellow-white or pink to deep red or purple. The colors of fresh corollas were also evaluated objectively by comparison with The Royal Horticultural Society (RHS) color chart, and their hue values were examined. Paper chromatography (PC), thin-layer chromatography (TLC), and high-performance liquid chromatography (HPLC) studies of methanol-soluble anthocyanin compounds in mature flowers (3 days after anthesis) were undertaken for analysis and separation. From each plant, 15 pieces of mature corollas (approximately 11 mg) were collected and extracted with 5 mL of MAW (MeOH : HOAc : H 2 O; 4 : 1 : 5 v/v/v). The extracts were analyzed regarding their anthocyanin distribution and anthocyanin-based identification by PC (Toyo Roshi Ltd., Avdantec, Japan, 600 × 600 mm), HPLC, and TLC (Tatsuzawa et al., 1996) . Analytical HPLC (Hitachi, Japan, 7000 series) was run on a Mightysil RP-18 column (Kanto Chemical Co., Japan, 4.6φ × 250 mm) at 40°C with a flow rate of 1 mL⋅min Tatsuzawa et al. (1996) and Mikanagi et al. (2000) were used in co-HPLC analysis as standard pigments to confirm Lantana pigments. In order to study the relationships between wild species and horticultural plants, co-HPLC was used to examine each anthocyanin peak and content ratio as biochemical characters, along with two morphological characters (presence/absence of prickles and fruit). A total of 12 characters underwent cluster analysis using Ntsys-pc ver. 2.01.
Results and Discussion

Analysis of anthocyanins
As a result of co-HPLC analysis, six anthocyanin peaks (1-6) were detected in 42 Lantana plants in the survey. Based on the TLC, co-HPLC, and spectral properties, pigments 1 to 5 can be seen in Table 2 . Compared to the profiles in the presence of standard compounds of Cymbidium (Tatsuzawa et al., 1996) , pigments 2, 4, and 5 are shown in Table 2 . Tatsuzawa et al. (1996) separated the major anthocyanins in Cymbidium, and confirmed the FAB mass and 1 H NMR. Pigment 2 was identified as 3-glucoside of cyanidin (Cy 3-glc), which agrees with the results of Harborne (1967) . It seems that these pigments reflect the typical floral anthocyanin constituents of Lantana in Taiwan. Pigment 4 was identified as cyanidin 3-malonylglucoside (Cy 3-mglc), the major anthocyanin in most Lantana species. Pigment 5 was identified as peonidin 3-malonylglucoside (Pn 3-mglc). Both pigments 4 and 5 are acylated anthocyanin glycosides. They were the first reported anthocyanins to occur in Lantana flowers. Pigments 1 and 3 were only detected in Nos. 32 and 35, from the TLC and spectral data and compared to the profiles in the presence of standard compounds of Rosa (Mikanagi et al., 2000) , they were easily identified as Cy 3, 5-diglucoside (1, Cy 3, 5-diglc) and Pn 3, 5-diglucoside (3, Pn 3, 5-diglc) (Table 2 ), but pigment 6 could not be determined because of the small amounts obtained. Ando et al. (2004) analyzed the floral anthocyanidin contents of 195 commercial petunias; they found that all the species can be classified into three series according to their synthetic pathways, i.e., pelargonidin, cyanidin, and delphinidin series. Both cyanidin and peonidin are cyanidin series because of the similar synthetic pathways. Mohan Ram and Mathur (1984) surveyed the anthocyanin of L. camara by TLC, and found it was delphinidin monoglucoside, but it does not seem to be the major anthocyanin of Lantana in this study. For the wild plants, there were 6 diverse anthocyanins found, but only two major anthcyanins were identified in horticultural plants.
Flower color and distribution of anthocyanins
In this survey, six anthocyanins were detected in 43 Lantana plants, except for white flowered No. 41 (L. camara 'Nivea') which contained no anthocyanins. Pigments 2 (Cy 3-glc) and 4 (Cy 3-mglc) were common and major anthocyanins, detected in all Lantana. Pigments 1 (Cy 3, 5-diglc) and 3 (Pn 3, 5-diglc) were detected in the two wild species Nos. 32 and 35. Pigment 5 (Pn 3-mglc) was detected in most wild species whose corollas were orange-red. Pigments 4 and 5 are both acylated anthocyanins, and 6 was detected in a few wild plants (Table 1 ). The anthocyanin constituents and ratios in each taxon were different; they presented several significant ratios which were similar in the 1 species of 3 varieties and 5 horticultural plants (Table 3) . In Type I, the major anthocyanin ratio is pigments 2 : 4 : 5 = 5 : 45 : 48 on average. Li et al. (1979) identified it as L. camara L. var. mista Bailey. In Type II, the anthocyanin constituents comprise pigments 2, 4, and 6, including 2 different ratios. In Type III, the anthocyanin ratio is 1 : 3 : 4 = 35 : 28 : 4 (only in Nos. 32 and 35). They were quite different from the others because of the unique pigments 1 and 3, which were not detected in the others. The horticultural plants can be classified as Type IV (anthocyanin ratio 2 : 4 = 18 : 84).
Based on the anthocyanin distributions in Lantana, all plants contained pigments 2 and 4, but wild species contained more anthocyanins than horticultural plants. Among the horticultural plants, the major anthocyanin excluding No. 41 was pigment 4, and their concentrations were extremely high. All wild plants were divided into 3 groups. In Type I, pigment 5 is a special anthocyanin; it was only found in orange-red flowers of wild plants, which are widely distributed across Taiwanese islands. When arranging them based on the concentrations of pigment 5, we found that most of the plants containing higher concentrations were distributed in northern Taiwan, except for Nos. 29 and 30. Pigment 6 is only found in Type II; plants should be grouped together based on the presence of this unique pigment, and they are similar in color (Table 1) . Nos. 20, 21, and 24 were red-purple in color, and are only found in northern Taiwan. Type III includes Nos. 32 and 35, which distinguishes them from other types because of anthocyanin pigments 1 and 3; they were also found in northern Taiwan. These results showed that the plants in northern are more diverse than those in southern Taiwan (Fig. 1) . This is the first report that Lantana plants show different anthocyanin patterns in Taiwan, and it also revealed that their anthocyanin content is diverse. The records of wild Lantana by Horikawa (1945) and Li et al. (1979) show that their color was 'yellow, turning to orange or red'. Many horticultural plants have been introduced into Taiwan during recent years; for most of them, no seeds have been noted, but they present an opportunity to hybridize with wild species. At present, the wild plants show marked color diversity, ranging from yellow to orange, red, or purple (Table 1 ). The results suggest that the anthocyanin components of Lantana are becoming quite diverse. The wild plants were not planted in gardens in Taiwan because they were prickly; however, they contained two acylated pigments, considered to be important for the overall stability of the pigment (Lu et al., 1992) . It was recognized that the bluing effect and stabilization of flower colors depends greatly on the number of aromatic acids present in the polyacylated anthocyanins (Honda and Saito, 2002) . If wild plants can be hybridized with horticultural plants, the accumulation of acylated anthocyanins is expected to be an important factor in Table 2 . Chromatographic and spectral properties of anthcyanins from Lantana.
y Cy 3-glc, Cy 3-mglc, and Pn 3-mglc: co-HPLC and co-TLC with Cymbidium (Tatsuzawa et al., 1996) . z Cy 3, 5-diglc and Pn 3, 5-diglc: co-HPLC and co-TLC with Rosa (Mikanagi et al., 2000) . The values are derived from R f values and the compositions of solvents used for TLC analysis. Spectral data: pure anthocyanin in 0.1%HCl-MeOH and scan of UV spectral wavelength from 700 to 200 nm. new color development (Mikanagi et al., 2000) . Thus, flower colors would become more diverse.
Taxonomic significance
Wild are quite different from horticultural plants morphologically as they are prickly and fruitful, but most horticultural plants are not (Table 3) . We use these 2 characters along with 10 biochemical characters (6 pigments and 4 types) as 12 characters in Ntsys-pc. The results are similar to those of chemical classification (Fig. 2) . The wild plants were divided into some subgroups, similar to the results in Table 3 , and the horticultural plants belong to another group. The results showed that wild and horticultural plants differ in terms of both morphological characters and flower pigments.
Regarding the structure of anthocyanins, 3-glucoside and 3,5-diglucoside anthocyanidins are widespread in nature (Harbone, 1967) ; they are often glycosylated at the 3-or 5-position first, and are then acylated with an aromatic acid. In Lantana plants, cyanidin 3-glucoside and cyanidin 3,5-diglucoside are common anthocyanins, and acylated anthocyanin (cyanidin 3-malonylglucoside) is commonly found in many other plants. The acylated cyanidin glycoside is formed in the anthocyanin biosynthetic pathway in Lantana. Cyanidin 3-malonylglucoside is a dominant pigment in horticultural plants. Peonidin was methylated at the 3'-position of cyanidin; peonidin 3,5-diglucoside and peonidin 3-malonylglucoside were both found in Lantana. Until the middle of the 20th century, the occurrence of acylated anthocyanin with aromatic acid was still very rare (Honda and Saito, 2002) . The methylated and acylated glycoside pigment found in L. camara L. var. mista Bailey showed heterogeneity in terms of anthocyanin patterns, reflecting their complicated origins. The restricted nature of the distribution of this pigment can be used as a biochemical marker for this group.
